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^ (57) Abstract: A semiconductor light-emitting device such that threading dislocation from the substrate is suppressed, the number of 
manufacturing steps is smaller dian conventional, the crystallinity is favorable, and the chip structure is micomiiniaturized. A crystal 

O layer having a slant crystal face (e.g., the S-face) slant with respect to a major surface of a substrate is formed on the substrate. A 

^ layer of first conductivity type, an active layer, and a layer of second conductivity type all extending in a plane parallel to the slant 

O crystal face are formed on the crystal layer. A reflective layer extending in a plane parallel to the slant crystal fece may be fonncd. 

A The crystallinity of the crystal layer having a slant crystal face slant to a major surface of the substrate is favorable, and It is easy to 

^ prevent threading dislocation, microminiaturizc the elements, and isolate the elements since the crystal face is slant. 
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mum. meemit. conmcommmi 7 <Di^mi^myt^^(Dmmx 

z.<Dmm(ommmi 7 (D^m^mytmi'(Dmmxm\z^\-f^3>^^ h 
mi$(.om^xm^^-tmmxmm^m. mesmit. ^(ommommm 

C © ^ ?a © mfeM® d O T O th^ :fe 5 ^ 

(D ^ 3fe T (D tfg {C tj- § $ fe# ^ W-^-r ^ 86 

7 %m\t. :L<Dnm(0^^m2 l©ft:^#t^0i^S^K:B®^?l^^bfe¥ 
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m^^r^T^xm^^m. mssmit. c<D%m(Dmmm2 5(o^mi^ 

m. m8 emu. :i(Dmm<ommm2 5(Di¥^mi^%ytm'!ro)mmxm\z 
^i-f^m2m'nm<Dmmxm^^'rmmxm^mm. msimit. z(d 
15 mM(Dmmm2 50^mi$^m^mi'(Dmmxmiz^i-f^:iyi5'i' hmm 
om^xm^^tmmxm^^^m. m8 8mit, ^(Dmm(Dmmm2 s 
(D^mi^m^mi'(Dm7txm\z^\-f^mmoi^^xm^m'rmmxmm- 

20 

fitTJc^viT. ^<Dmm^mmLrc^mi^mytm'i'\z^\^^xmm^m 
mvfsiii)^iE,mm\zmm-r^o 



18 



wo 02/07231 



PCT/JPOl/06212 



(A I 2O3, A®. R®, CM^-^tP. ) S i C (6 4H 
, 3 C ^-^tP. ) GaN, Si, ZnS, ZnO, AIN, LiMgO 
, GaAs, MgAljO*, I n K\ Q ^\i\U^is^hU^'&WiXh^ . 

Vi^^-g-efi, ^'fb:^fU':7A (GaN) ^^b^t)¥«#o^^iisf*^s$ 

-& -5 < fijffi $ nx ^ C ® $r i M <h L 15- 7 7 7 «^ ffl 

Z n C d SlS-fb-a-tl^**, B eMg Z n C d Oniit-^^^mi^^m^^ 
^z-tmr^. M\z\tMitfS A (GaN) S^k'&i^^^^, ^ih7 
25 ;W^n^>A (AIN) ^jfc:^«^^^#:, mt^>-y^/^ (InN) ^{b 
^'fb'1'>v":7A:!!/U'5'A (InGaN) mt^m^mi¥. 
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^^tJJV^-^A^'^J^M. (AlGaN) ^it^i^^Mi^^fi'^L < it 
^^iOW^LVi, JKD^BJtcfeViT, InGaN> AlGaN, 

5 Ji-r(DT«?5:< > M^Ji I n G a Nlrfi, I n G a N (Di^m^mt-^'ii 

m'^^^ctm^^^x'hu^K ^fc, s®-^ (11-22) Mfcua 
mizmmfSim t\t. s®-^ (i 1-2 2) Btc^tT^n-^nsi^vib 

^aj^l^W^^«<b^tJ^ffifig:ll* (MOCVD (MOVPE) 

(HVPEfe) ■?-®'t'TfeM 
OC VD?£lc:J;§i, M{Ci^att<©^l'5t)®55«#e)n'5. MOCVD 
15 GaV-XttTTMG ( h U ^ 5";!':^ 'J -^7 A) , TEG (h 

UX5^;i/:y U '^7A) , A 1 y-7.i:LTfiTMA ( h U ^ 5";i/7;i/$ X 
•i/A) , TEA ( h UX5";i.7;V5-^A) , Iny-;^i:bT«. T 
MI U >i?'i'A) , TEI (hUX5^;|/-f ^J^-^A) fsia 

^rutiy^y:^^.. GeT^n«';r;Ux'>;i?;x> MgT^n«*Cp2M 
g i'yi7a0^i?JLZiJV7if^iy^J^) , Zm?*tl«DEZ (>?x 

25 :ff7.^^mt^^t\Z^ri^ I n A 1 G aN5^'fb^tl¥«#:£xt!i5'4^ 

^ $ -it § d i -e # § . 
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-e?^^T§j:tj&t-e#. m^u^m^mit-^^^m^mm (movpe 

ffi) l^^i-i^^XtfiJ'^^v— SI (MBES) , /\-r H^-f ( 
HVPE^) fj:<i:0^ffi^ft}*Srfflli5Jli:56«T#S. m^M<DmA^ 
M/t 7 7 S 35^ i& ise) S f -7 X 5^ ± {c 3}? U a ffi L ^-r < 35: o T 

^S$'e-SJ:t*t-e^SC:i:fC35:S. ;t^y 7 7Jl«*«tS^btl¥^#: 

O^^^S^$:^?p-r-5iVi-5 gWfcfe'So L/c/?)^*oT> Sfbtl^^ft: 

7 7»/i^*?^fiK$n;^VJ»-&%$§. S i C±{C(±A 1 N<&i£M 

20 JCbJ^V^TAy 7 7»<&Otj-SJli:fea&t), S i S«±{c:ttA 1 N. G 
aN*-^S0<£iafcL/35:ViTA*'v7 7atL/Tfig*T«c:i'fo3&0. 
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jvymmo) (0 0 0 1) ®[cM]^««^Mt ufc^-&T«, (i-i 

00) ffi[M®], (1 - 1 0 1) MCSffi], (11-20) ®[AM]> 
(l-102)®[Rffi], (1 - 1 2 3) ®[N®]> (11-22)® 

5 ti)^rt. ^\zsm-^ (11-2 2) ffii3ctrKT;in?.}c^tt;^fe^M 
<D±\zmu^&Lrcm\zM.^n^^Mm'v$>y) . itrnt^n-^t^m-^sb 

oT/A;^a^©®Ji^T« (1-1 0 1) T?a5§p C®l3CH-®^iC- 

10 W^^W^'t^OtmWz. SffifCOV^TfiS +®ts -®;?>^#ft-rs>o^ 
, *HJiaH»(c:feV5Ttt, #{C{|r6?5:ViJ^'&«, C+®GaN±(CS+® 

«S +®d«^^®l?3SS. *fcC+®0®Jgic« (0 0 0 1) X$>^o 

co^smiz-Dif^Tit. mm0j:'^\z^itisv^Amt^^¥^mi$^xm^ 
15 m^m^vrcm-^^zit. s®±. g at^^N^o^y \^mTf)^2^rc\t3 
tcm(D:k\z0<f3i^o z zx c - mite +m(D ±\zitmM±n^ t 

ymm(Dmi[:<^<D^m\tc+m\zf3i^i!fi. mifim^^mmt^z,txs 

20 ®S:?^^-r-5c:t:d«-e^, c® t^ff ;fe®T«Ji5imL-^-rviMiBi* feo 

25 mcummT!}^^zth$>Ki. xm(Di&m\zhmmtf£^o 
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fimi!fiv&:^Mm'^m^<D^m^'en^tim^t^th\zcm^rc\mc 
5 m\zmnmizmmy3:mi!)^±tmy=^Mm-^m^o±^m^^m^'r^m7& 

■^mm-i. lEm^zf^nmx^^z.t^'j^^^t^'r. ^o^o^^-dhj^o^m 
tim^\^rc^^f3i%(D%'^ts^ tifm^3i-m\z^\,>xitm^m^'mitfsm 
xi^UMWt:f3:^^o\zmm-^n^o m^Mmt\t. ^±\zMwmmz 

mm'^-^m7-sMm-^mmmmmzm^-^ntcm^x$>'DXh&i^K 

^^miRmiz^^r^zit^mmi^xniDtircf). ^^\^^it. as^wt 
15 ±mTm^-^m±\z^rc\t±mrmmmmm^m^zj^^'^nrzY7.i7m 
(Dmn-^nrcU^^mmi'xnt>nrcor^o mxiit. ±tiri&^mm 

tEt^ 1 0 timnmm(D/i^mm\zm^itL. "tn^tKD^m^^^u^ 
^^\z^':>xsm^^m'r^w^m^m^t^^ti)i-simx$>^, 
20 m^it-^nftmMm^t. m^m^f'tLx^m-r^tzubiD^-z^y 
^^T^/vxmm't^^'5 \zmmir:s> j: o^i^mmtLxit 
, *g-^t^, R?^tt, iE:^m^. Bfkm^. m 

i^^^n^n^o^^m^uEommz-t^z.tt^x'^^. y^^&m 
©±fcvxi7s^j^^gb, ^(D-^Ts^m^m^mzmux^xi^^^^i^ 
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nGaNSttSO^SS^tt? 0,0 ~8 0 0*CT^S7tJe>. 7>^-7 
+ ® i; 0 ?t e j6> f3 :3 T V i § . 

i7^u^<D±.fin\z^^t^mz\tm.ij^^3Li)'i^^hu^^rz}^. 
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^i^^m\zm^r^o ^ i mnm\tv)m^rc^tnm<D^ ^ >y kmt^d 

* >"j n > K - :/© :^^J^ A^it'ti^^mi^m \z^^ xm^ Ltcm 

{^m^z^-oxm^b. t(D±izi nG siNm^m^mtLxmfizv. $ 

mi:'^m^mi^m^m^i^xy-:r)u^y'nmm^ z tin^xt s 
ttSTa&s I nGaNii^A 1 G eiNmxmvmmfr^z.t%-5jmx 

ifi. m-*^#p (SQW) r.as^#F (DQw) «i5g, #m 

S?#F (MQW) «iifci;i:©*^#F^ii^?P^igLfcfe0T*oTfe 

mm-^n^o m^m^i ug siNmthrzm't\z\t. <^\zm7tj:m±h 

Jrc:© I nGaN»tt, ^^MTOlKIHbf^ < Vi«|jSl?*§ S ®©±1? 
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, ^a + fCMg, Zn. C. Be. Ca, B ii(D7 ^.^f ^ —^U 

Lxm^vtcm^^^m\z^n^^p^\zm^-^n^7f>^. z<D^o:f3:mp^ 
^r^^tij^-v^^, my^Mm-^m^(Dm^\z\t. ^^^m\z^nfsi± 

^ L/ T M ;5)SMit -C :^ dt^^ ai L $ n d i: Jc ?5: S . 
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10 m^^<Dm^-v\t. ^n^n(DM(Di^^^^>bu^^<^>b\zmAm. mm 
tE.m> mm:&m. mmmizmm\z^^-^n. ^izm^m^mtmhT. 

15 ^m\zf3i'ox:isr). &m\zm^m^\t'p'pmno7sy'yzfx^^ 

^ytmi'xit. is^m^(Dnm^Aitm.^.T&^mxmmm^^h^mm 
tt^^^oizmm-r^^tfji-pimx^)^. ^<D^of3:mj^i&^mxi&^ 
m<Dmm^mrrzti>\zit. mm^mm<Dmuizitmf^t^i!)K mj^^^ 
20 xitmm^m0!(,vfsi\f^2:oummthrcio. ;^^\^mmMmzmmm 

Ttf^fcfec, hm^m^L. ^(D'^xmm^:=t>^ ^ hm± 
\zm^^xh^^^. cn^(Dmm^Mmmz^Dm^t^m'^. pmm 
25 , nnmf)m^mt:-^x^(Dr\zm^-^ntim^mmt(D^:^\z'D\,^x 
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m^tz\tw.sm\z^%m\z^mfs^m\zw-^is.wmz-m^'t^miMm.m 
©'feo^^ffiT^, %(o^mwn%mi'\\z^^^xm^\^tc%<Dtmm 

ffl V i s «h *t T ^ -5 , 

'^tz\tmsM\zm^nm\zmmi^m\z^nfs.mzmimnmm. 

, '^\tKi9c<D^mw%%m^i\z^\'^xmy^\^tz%(Dtnm(o%<D^m 
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7^:&S5(^0®fg|gtT« (1-10 1) Cffi(CC+MiC-®/&? 
S ffi * M S ffi t H R W C fj; M AN :^ il?^ Jt^ © #4 ® ^ n^' 

:^Mm-^mmt, lEmiz:f^Mm•n$>^z.t^^^i^^tii~r. ^o^cDm-o 
o M « s M # fiK ^ n T V i § c 5 T M T ^ fig « $ n « ^ a 
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immmm. mam. i^^zSf^2mmmm^m^r^:bo m^Ltzsm 

mzmtE'r^mm\tmm^m^mwL^rc\t±mri&^^m<D±m\z^m 

mmikom'f'xit. ^n^tKDmoi^it'^'b^^^^'bizmM^ mm 
feffii, mm:^m. mmm\zimm\z^6^-^n. m\zmjkmn^itmh7. 
f-y':f(D^m'dmn-DX\^^x. m±iij&\zfsi^t^'B0S£.Ai)m^^)^t 
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5 m<Dmm^mrrctb\z\t. mm^^m<Dm^\z\^j^^t^i!)^. 
mm\zmm^ciyi7mm^m^-r^mMtvtcy)-r^^t^ir^^o 

10 izm^bxhj^i^^o z:Hio0mm'S:mmmz^r)m^-r^m^. i>mm- 
. nnmi!>m^mt'^7.i7(DT\zm^-^nr:im^mmt(DM:^\z-z>\,^x 

z(Dmm<Di¥^mi^m^mi'\m^m^m^xmmm^mm'^mmmm 
-r^z-tx. sm^mmvxmmmm^m^^^LtnAx^^tci^. ^pts: 

20 i^^m\zMLxm^vx:^^mmm^m^mr^m^^Mt. ±t&f^ 
^mmmizmm^nmw(Dmmii)mx-^nxye^^^^^^mmmt^ 

mb. ±mm^mi}^i^m'?'mziiit}-^n^yt0-mt±mm^^^sm\z 
B\^^n\zm^^nrzKmmxK^Lrch(Dx&^z.t^^m.t-r^o 

25 mmmf3ia> ^mi^mytm^om^m^iz-Di^^xit. ^o^mi^m^m 
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Mir^mm^^'r^m$^m^m\z^n\zm^-^ti^ 2 m&.±<Dmx$>':} 

ao^^mi^m^f^^vfcm. nmthx^mm^mmr^mm\zx^ 
^rasb. ^(Dnmti^K^m^mm'r^mmiz'r^iitii^xt^o mam 
15 ±\zm^-^tiftmmifiKHmtLxm^^^n^m'^. ^i^mr^^i^m^ 
m^m\zmmt ^mxm}$.tnit. mm^m^!^Amom^\z^Bmji^ 
mzMfi^x^. jiy^>ifua<Di]QxuKmm:(D^miz^\^^xi,tyfmt 

±Bmmmmm\z^ff\zm^-^ntcKMmu. ^(D-mtvxi s 0 

mt-r^z.t^^x^^o ^ne. 1 s 0 ° i: d %^i^-^i3iMmxM\^-r^'p 

^s^s® b < «^ 1 t ^ 2 iz ^n^enmrn*^ 
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h-^mx^^. Tfsit)-^. mmMmx$>nitat,^<Dmmx^-:>xhm 

yt<D-'mtmisR.m&\z^^xm!^-^titcm^m^mt¥nizm^-^nrc 
K^mxR^brc^<Dx$>^Ax$>y). KM\z^^x^l^lr)tiiv^^mi)^ 

15 . KMmommtf3i^mmf^^mitm^^^^mmvx':fu±7. 
±m$i,\zm^-^n^ctfi^^. ^E^mmmzmzxy ^fiEoxm 

ffib, miSc:m^^AmmzMi^xm^hrz^m±\zhf^^t^m^\z\t 

%^rctb\z>^-^f3iW-&:mmhrcK) (omm&x^^m^^i^-^ <t^^tti^x 
^stt;o^ifii±b. m^m\zmcMm^it)^n^ox$>nimm^\^±x^ 
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u^. ^(DmM(D^mwmytm'?-\tmn^m-<ixmm&^mm.^m 

c: tx. sm^Pim vxmmmm^ts9x^ ^tij^x^^tcub 

10 [^mi^^ytm^4] 

^L. mmi^mm±\z'7Xi7m^m^b. m-^xirm\zm.n intern 

m<D^^m\z^n:f3:m^\zm^r^mimmmi7yy\im\ * 

^m±^xM^-^n^^oizmmLxt£^z.t^s^mt-r^o ^lo^m 
^zm^^^tL^^mt. mu(DMm\zMLxm^Lrcmmmmm^^'r^ 
i^^m^mfiZL'A^h<ox'$>niti^\zmm-^nr. ifco^m^^^miF 
1 3 1 1^ ^ © © ^ ffl V i 5 i: >{i« T # 5 , 
20 ii(D^m±\zm^tti^fS(.&m\tWimt^^7.^m<DTmzm-^n^ 
mimmmt. ■^T.^mo^mau^^^^^^Lxmrn^ti^mzj^mmt 

mzmm-^n^hoxitm^if)^ m 2 ^Sim(D^^m\zw-fffs:m\zm 1 
mmmm. m^m. ^^um2mn,mmffi^f3i^^^mm^m^'^mf3. 
25 Mmmx$>ti\f0k\rK mi^^'am2^^m(DmmsSiumtbx. 
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g Z n C dSmit'^'^^mW, BeMgZnCd 0^^b-&tl#*#:^ffl 
i^^^Z-ti^^r^. -M.\z\t^it:» V ^ A (GaN) mt'^Ml^mi^. ^it 
5 T}VS.=.^J^ (A IN) l^^b'&tl**^. ^fl:-r>>^'^^A (InN) 5^ 
<t:^«iF¥*#:, ^it-Oz^^AfS^J^A (InGaN) mit^i^^mi^ 

. ^<bT;i/5ri'>A:tf U "^A (AlGaN) ^'fb'&tl^^ftPS: f * 

itm^m^mm^vi^^o fs.^. <i(Dmmiz^\,^x. inGaN, aig 

10 aN, G aNTSr^^jK^-fLfe, Sftm^O^. 2 7Cig^©*©^^b^¥ 
mW^m-r(DlHtfSi<, m^\tl nC aNHU. InGaNOf^ffl?^^ 

^b$-&?feVi|SfflTOi!iSc)A 1 . ^0fl^l<D^Mi^^^^TViTfe^l©^ 

mt\tl I Il^tCB, A 1 , Ga, In, T aOfpOlf^-fMUt-D^ 

M b )K T? o T ^ { b I c ^ J6 e. ti s , 

mxmm^mit^m^m^&m (mocvd (movpe) m) 

20 ^^i^i^Xt!i5'=^>'-fe (MBE^) 3^£0^ffl*K:ift^, A-TH^-f 
K^ffl^fife (HVPEi*) ■?-®4''efeM 
OVPEfe{:«k.S(i:> MHi^^14©^Vit>0*«#^n§, MOCVD 
GaV-XtLTTMG ( h U ^ U '^7 A) , TEG (h. 

UX^;W:^*UC7A) , A 1 y-7.iL.T«TMA ( h 'J ;< a^jPTJl-S X 

25 "izA) , TEA UX5^JUT;i/ar»i7A) , InV-XiUTtt, T 
MI ih^J ^^)\/^ >z^^J^) , TEI (hUX5=-;i/-r>>^'>A) ;^<i: 
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;^niti^y>:»7.. G e T^nt^y;p-7>;«f7., MgX$>nitC V 2M 

>^-mi3.^mzm^'&L^<m^^^§L-^^^^tmx^:b^t\zf3i^. n 

(i, S i C±fC«A 1 l^^mU\zVU^^i:nvy rM'^f^^-t^^th 
^D, SiS:K±JcttAlN> G a N ^^li 0 ig^atc: L)5: V^TVl 7 T 
25 StbT^ftf SJltfe^O, ^tlTfefi^KCDG aNS*t#e)n5. * 
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^Vx. ;:©^?g{c*5ViT«, miR^^\z^r)f^2 0f(.^m^m^-r^ 

mz. &m±m<Dmi^\zhm^t^tiK ^)vymm<D (oood se 

5 C®]$am^®i:bfc:i'&T«, ( 1 - 1 0 0) IS[M®], (1-1 
01)®[S®], (1 1 -2 0) ffi[A®], (1 - 1 0 2.) SiCRIS]. 

(1-12 3) ®[NM], (11-22) m^^xsz.n^\zmmis.^^^ 

m<D^%ti^^m\tnrz'^mw^m^t^zLt^x^. ^tsM^ (ii 
-2 2) m^i:.nx^n^\zmmu^^nm^m>^^ti)m'^h\i>, z. 
10 n^\zmmif3iB^mtumm<o^o\z. 5^\f^L6m<ommxm^^ftm 

1. -1, 0, 1) mx$>^o cm\zc+mtc-m^^w^r^otm 
m\z. smiz-oi^^Tits+mts-m^^p^t^i)^. :^mmm\z^\,^x 

ti^smtLxmmvxi^^^, fs:^. sm\z-o\,^x\ts +mi}^^^mx 

mm(D^v\z^it:^^o^A?^i\:^^^m^xm^m^m0.vrc^^\z 

20 m<D;k\z0r<fsi^o czxc-m\tc+m<D±kzi,tmm±n^:iti}^x 

^miz^t^i3ry7^7Mmzmm^^&bytm'^. -m\zK?)wym 

m(Dm^m(D^m}itc+m\zti:^i}^. m^^^^mm-r^z.txsm^ 
mm-t^zt-fy^x^. cm\z^nf3imximmi^^-r^^m\^^%-DN0 

25 :^>Vi)^G ati^ib~:^<Di}^>^XB'^l^X^^^<D\ZMl'. MV^fcSST 

wpfs.<th-'^&.±(D^>\ixm^t^zt\z-fs.^, Ltcifi^x. m 
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^(Dmm(D^mwm^m^\z^\^^x\t. m^0Si^\z^^xf^2^mm 
5 \tmu(D±m\zMLxmnLrcmmt-r^zti!)^pjmr$>^if)^. w\z. 
^2^-gtm\tsm^rc}tmsmizmm&]\zmmtjim^mfsMmj^'^(D^ 

m\z^n^\zmmt3:mi)mf^Am-^mvt(D^mt:^ti^nm^-r^ t % 
\zcm^rcJ,tmcmizmnm\zmmf3im^±mvB.A\Mm-^m^(o±w-m 

mf^^^mrs-^m-^mmt. iEm\zy^^mx$>^z.t>^>^-mt'^'r. ^ 

m-^mmtja.mmzmiE^ntj^vtx$>oxt!^\^^. 
15 M^wtt^fsiMiRj^^mtLr^t, m^mzmi^&m±\zm^-^nif7 

tLx\-i. iE:^m'^. y^^m^. ^Mm^. mm^. mm. ^ 

^, ^i'^m^n^n^(o^mm^uE(Dmmz'r^^iii)'ix^^, v 

20 'y^)nym\z^-oxm^'r^ctifiX'^^, •^7.^m(Dm^\-t. 

feSo m^<D^z>f3imf^^m-^m^'^m/sMmm^i)mmmzmtE-^n 
25 T^xs©Mpgi5 mmm) ^nmz-r^::tx-5smx$>^o 
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- 1 0 o:&m<D:^Mm. ^rz\tmti^ 11-2 o:^m(07^MJ^u^) 

rcsm(Dm^it§,mx^r) c +m\z]ti^LT^^Mm-^^'^<f3i-DT^^^ 

Jlid^^^^nxVi^o ^\Zl nG aN^tt«©^:ljaSJl7 0 0~8 0 

^\zm\^tzmiimM-^nrz. •^^\z^<d±. Mg h*-y«0^:g«®a 
15 ff5i:, 0. 5-1 umm&KD^mmxmM'r^zLtifixt^i!)^. c + 

m(D±\Z^^LftmiiliM^XIit. 1 Aimt!y^ig*©tJS*«#ftL. 

E M-ei,7t#M0)¥ai± C + M 0 ?t e. d^c;^ o T -5 „ 

-^m\r^xm:^\^f^m^hrz:^^mm^&:^m'<^^r<u<o. ^it^m 
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10 u—^mmfsiaizji^oxmm^m-ib^v^m^x^. -^T.^mifimi^'^ 

m<D^mmtvxmmhUi!)^^nmmtpmm^mn^zMvxmm^ 

W±Xt^o 

z:(DmBn(Dm(D^mi^m^mT\z^\^^xit, mimmm^^y 
^^um2mnm^^y\^m\zjz'ox. m2^mm<D± 
15 wibmm-^n^mmtfsi^o s-r, ^(D^of3:mm\t. miR^.^iz^-o 
xm^Lrcm^m^m2 0x^m^m'r^rcid\zf^B\zmmx^^, tt^ 
t)-^> mu±M\z^n\zm^ir^m^mf3ia^m]^brcm'^xit. i^m 

^mt^z.tf)^xt^o m2^^m(D±mmm.-^n^^tx. 
20 (Dmitf3ia0^<ti)t^m\z^±-^n^iit\zf3iy). •^^\z^ytmmi!)^m 

^fc. ^<DmM(D^\zm<D^m^m^m^\z^\,^x\t. ^immm^ 

m\z^t^mm\z-r^iiti!)ix^^o z.<D^of3:m&it. mnm-^\z^ 
25 oxm^vrcf^^m^m2^-S:mi}m'r^rcid\zmB\zm^x^. m 
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«E-r § ® » f^KStt Ji ^ S« * ±IH^ 1 ^igfiM fc^j^ U fc« 

25 isi^&\z^y)^mmwi(D^miz^nxu<m^-^n^m^mi^b. ± 
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F^^-rn^f © J: 5 ;^tf--r X CD t o T fe jiffl BjfgT § , 

^\zmn,m<Dm.^m.-mM^^fz^\znm^\'^ML(D>z-mitmimn,m\z'D 

25 IT^S I n G aNS^A 1 G a NSTjfetfijiji tf-S 21 <i: pJ^gTafe 
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, m-s^#F (SQw) ^ig, nmm^^p (dqw) mm. 

(MQW) ^3i?^<i:CD«^#p:^ii^?^^KLfcfe©T^oTfe^ 

-mm^ii(Drctb\znmtf3i^mni)^^^i)K a^si, oe, se^ia 

^^^•{-Mg, Zn, C, Be, Ca, B a:f3i8(DT if -^Ui^ 

^t:i^X'mifxm^^&-^itn\tm^\zn'D^ti!}^-(^^^o 
n-gRo s ® ± II j^^-r S t T # ^ . 
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%m^^t.%-^^. Sfefi&©^iL/T, S®©«^f§iteSS CD-IK 

15 S±tf5c:i:*?T?^5. 

OJ^fiKf p«M, n«®5&«ig^MtTX^©T{cj^^$n;fc^ 

■h^ommizMLxh. yt^ssLO iii'r:^mt'jii>w\zmcxmmat> ^x 
t>pjtiTa&^. rfsit)-^. mm&Wix;^n\tat>^<Dmmx$>'ox%m 
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izm^m(Dmmmtmn^&mm<Dj^^mmz^i^^mmt(Dm^. 

10 hmmiz^^xmm.-^nrcmmmmm^tiimm-^n^ct\zf3i^ 

(Dmf-^'<x^Bm^f^nf}^-^<hxh. mm±(D^m'rfsit>t>mm^ 
m^i^xv^z>^3fsimmf)mm'^n^z.t\zf3:^o 

15 ^:^\^izmi^^x\,^^tiRML, ^ik^mti^B^Amom^mcDm^M 
^ e t-r^t. mnm<o±mm\z'D\,^x^&&U(Df^m^^ hMm\z 
^mvrc^m<D^mmmtitmt^t. fi?tt«ow^ffi«tt«:^i/cos 

izm^f. m^^^iz^Ki^M-^m^p, ^nmf^E^m^'^s ^omm 
20 iz^mz^nxui^^m&mi)m0!(.xtn\t. ^^mm\tmmf^m\ziz 

^m±m\zmm.f3imm'<^^ h )i^:^\^izyt^iRmm\zm^vrcm't^zm^ 
^mM\zj^^xm^-^n^§^^^(Dmm\zmb^^o 

25 \z^r)^m-^n. mr)'torc^^mm±^mmv^^^€*)€ri^xi^^ 
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i)^^&mu<Dmm^ io:k^<fSi^f3i<x h-t^i^ma^^^o 

^mu(Dmm:&m\znmLrcm'^(D^^mm^oh±^<-r^z.tr. 
m^m\zmx-^n^nm(Dmm^rif^ctit)^T^. ^^f-oi^m^^^ 

10 h j^\zi^B vft^m(Dmm t ^ fs: < th}^m<Dmmtmmmt 

mmtmiRfS^&mi^(D^&mu±iz,^tb^^mmmt(Dmii^. <i^fs.<ii 
%¥cm(r>m,mtouy'^ {7 h\z*i!i>^is.m^^^±'^<un\t. u>-$^^ 
15 hmmz^^xmm^tL^m^mmm^f)mm-^n^o 

0 nmM(D^^^^t-\^m'f(Dmm\z'D\,^xm^^t. w. 

T^5o htzti^^x. ^^m<Dm,mm.^^ 0 0 uLm^&,±.\zwt^t^z. 
mzm.mffi2 Q nmnx^n(r>n^A <Dmnm.^m^h. ^^m-ffi 

^(Dmmzi^-\Zl^^-^tl^ t. S14S®i^^®||«2 0 MmX 2 0 Mm 
/cos 4 5 ° = 5 6 6 /im'<!:;3:D, SMS^tCif^TSttM^W^M^ 

\zn-r^^^m ( 1 - 1 0 1 ) m^tm 62°, ^i/um^mo) ( 0 0 1 ) 
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ffid^f -5^^® (1 1 1) iS«5 4. 7° T*<5;{|ie,, C<D^m(Dm 

mmmi 

^mmm\ti)-yr^7mm.±\zmmmisi^^xm^mBmtvx s ® 

20 C+ffi*»tR^® 1 1 if '5iJ-:7 7'rTS*Rl 0±t. Si Oj^tz 
as i NSrfflVifev;^^^ 1 2 $ 1 0 0~ 5 0 0 nmOlgH 

TJ^^ifeL/, 1 0 0 MmSSOWPfUl 3^7:^- hUyi^^7^-<fc7-/ 

ifif!i{c::fe(/iTttiii§m?^t^-e^D, :kt-^iti^^-r^^m^m^(Dm^iz 

25 iSCt^^sj: 
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T^Vi (2 0~3 0nm) OGaNji (f£fan>y7T») §^«L., ^ 
4 0}3^-r,±;'5{C, ^(D'MAUm^ 1 0 0 0'Cg^(C±#§iiT'>U 
ii>K-y©GaN® 1 4<£?^^r§. 21 CD U 3 > K-:?^© G a NS 
1 4tt-7Xi^©^095l 3(Cfig:gTS*^, tK^IIIB^T. 

o 

15 GaNSl7®^Mtt, A^ilJ^^^^^^MT^tSMT^fensj^^Jcfc!: 

As:ftil?^tt^vU n> H-:/®G aNji 1 7 T^^fiK L.fe^, bJ^e>< 
^&^n^^A^M^(D±f^f)^imi 5~2 0 iCim^g^ i—mi!f^7. 5~1 

20 \iZf3i^> Lft-fy^-oX I O"- 1 6 iimmmztSi^o fl^. ^(DIO^IG 

-•fiDGaNM 1 7 S:^*b, ^©^figfijaS^^gM t I nC aNS 1 

25 C7AK-y©GaNSl 9^^*1*50 I n G a Nil 8 ©ff 

$tiO. 5 nm/{>^e> 3 $ (A 1 ) GaN/InG 
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5o ^(On. I nGaN(7)f<±©»{C«A 1 GaNS&fig&f -SJli: 

5 -eo^, ^©Xtrao-a{*'>U3>K-yOGaN® 1 4d?®tBf 
5*TXy5^>iyb, $ e»}c:-5-©|^5febfea5^J-2 1 ICT i /A 1 / P t 

fitfeft^SfCN i /P t/AuS;^cftN i (Pd) /Pt/Au^^ 

10 p«:^2 2, nmM2 0i{i«AN^glJ^4^O'>'J n > F-y©G a 

N« 1 7 tVXi7 0T}Cj#fig$nfei^U □> H-y©G aNl 1 4 
jK;^{coViTb^5 <h^MbTb*3(D-e, ^n^'n*igj:<^«'r^ 

7-r7S^l 0 ±JC^B^a^<i: U □> H-T'OG a NS 1 4 
LT^:lLfci^SJlibT©^>'Jn>H-y©GaNa 1 7 5r^lrLTti 
20 5. c:©->U n> H-:/©G aNS 1 7 ttS«±Mi:«M^l/T-feSS 

nGaNSl 8/&«J^^$n, SfC^© I nGaNS 1 8±f3^^^-/ H 
Si:tTs'^':t-->>^Ah*-7°©GaNll 9 nTVi-So p«S 

2 2\t'^if:^iy^h. H~y©GaNSl 9 ©±® tlT:fe 0 , n 

25 M2 0«, A^«tg|5^^O«!lf5TM0$nfe^i^fcf^^$tlT:fet). 
U3>K-7'©GaNS 1 4 ^:frtT'>U 3>H-y©G aN® 1 1 \Z 
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m\zMi'xm^vrcm^m^mtvxsm^^T^mmm^m0.t^^ 
15 0m^j:ntfh\zm'?'mm^tiimr^. 

ML 1 0 0 CCiCbTvU 3> K-yoG aNH 3 1 ^m^t^o ^(D 
^> S i Oj*fc«S i N$ffiV:>fc-7;^^M<&^ffitc:jP$ l O O ~ 5 O 

20 onm(ommxmWub. mi om\z^'tii'D\z. y^hvj^^y^ — 

'>U3>K-:/OGaNM3 1 dt^^tlS, 
25 'A\Z. -^7.!7U3 2^mmLXh'D-'mm^^m^n'Di!)^.^(Dt^ 
\tl 0 0 OX:mm\Z0^m^m^±^L. 5^U:3> K->^OGaNji3 3 
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So >'Uii>H-y©GaN»3 3 ttS^ Tl^ifc 5/ U □ > H- 
^ LT.«^ U S ® tCck o ffl*^ H t nfe A:^ <t ;^ o Tfr < o 

>«)^O^^^PBl®^it©fcJ?)©-7->'><&?|^^f Si;5{CG aNS3 
10 6^igglcT;5:t3-& 1 0~l 6 ximS^tc:;^^. 

1 5-^20 iimmmum^'^&r)> mxitf^nm<D±^-^^mi 0 

ij n > H-:/<DG aN;i^fi£:lt> ^cD^^:iia^^^£ML I nGaN 
15 S3 4<£^!gft-rs. -eom, ^ftj^S^±#L, Si 3Ellc:^f ckaic 
, •7^:^>^>:7A K-y©G a NS 3 5 <£j^S-rS, I n G a N 

S3 4©JP$«0. 5 nmAi^ 3 nmSSTabSo (A 
1 ) GaN/ I nGaN©l:i^#F®^^»»^#FS?S:i*}C-r-5Ct 
=b^D, :^7W HSt bT^tg-rSG aNSfcfi I nGaN^ffll^^T^a 
20 ajtt-r-Sdi'b^So ^©1^, I nGaN0-r<±©S(CttA 1 Ga 

^(D^. m^m-^^^ I nGaN«3 A^^Upm^'yy 
T^^i^^A H--/<Z)G aN® 3 5 ©-^IBSr^lKfCia ViffiiJTl^* LTi/ 
U □ > H-y©G a 3 3 ©-g|5Sr@ffi$-&S, $ iblz^^m^i^tz 
25 a^tCjfiVigU^i'fCT i/A 1 /P t/Au«®^^«f So J:n;&>*n« 

:®3 6 tfSi^o ^\z:f^Mm±\z0fi&brcmmmizN i /p t/Au* 
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fc«N i (Pd) /P t /Au^mm-r^o c:<O^»(cj:0 pSHS 7 

t^^^t^ (^i4ii) , :in^<Dmm(Dm\zu. mmm±(Dm^^m 
:::tiz^m-r^o ^n\z^K):!^mmmiz^^mytmi'^^^^t^, 

10 yr^7&iR3 0±lri^^MtbT©>'U3>H->^©GaNS3 3 & 
WL/TVii), ^:<^->U3>H-7'c^GaN/i3 3««^^Mi«M#H/ 

I nGaNS3 4i!fimm-^n, ^^.{C-?-© I nGaNS3 4±{C 
^^^y \^mtLX-^i^^i^^A]i--:f(DG aNM 3 5 ^^^J^j^^tlTViS 
15 . p«@3 7«-7^^;^i'>^7A H-yOGaNl3 5(D±®{C?^J5g$nT 

mm^m\zMi'Tm^hrcsm^mm-r^ctit)-^iE>. 

20 -€-©^^Mi^5&^ e.;^ U Alga's© H©ii:*^ii±fS c:<i:lc:?S: D , 
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^tl. I nGaNSa 4;6^6?5:SSttS, •x'if;^; A h*-y©G-a N 
10 MS 5i)^i^f3:^pmi7^y\^m. ptlS3 7, nmS**?^^$n, In 

Mbiooot:(cL/T>'>J:3>H-:/©GaNg4i &j^fi£T<g), ^0 
20 S i 0,*fc«S i NS:fflVifc-7;^^l4 2 1 0 0~ 

5 0 0 nm©«gffl-C?^J^L., ^1 8 ElfC^T J: 5 IC, 7:t hU V^^7 

25 'A\znm. ^fi^Sl 0 0 0X:-7?>''j3>H-y©GaNS4 4(Dje 
^^KS^ffa. '>Un>H-:/OGaN«4 4ttR?^©^^l^4 
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S-A^^o^^-r^tfis b«e><^fi*i^frt'5i:^H*«S® (1-10 1) 

. ^<D^<D I nGaN®4 5 ©jp.^ 0 . 5 nm;6^e> 3 nmS^TibS 
. $e>fct9i®®ll]6SMl . 2 tmmiz. m^M^ (AD OaN/In 
10 GaNOS^#FM4'l^as^#pS;5:f(C'r§j:tfe*r), fJ-f 
tbxmmT^G aN^Tzit I nGaN<£fflViT#Sajii-r-5;ii:fe 
^(Dm. I n G a N0-r<±OM{I}SA 1 G a Nji<£fig:Sf -5 d 

i:5{i^MSL^ti,^«, mm(Dmmmi. ztmmn^^o miR^^mizu 
. m^'^7.i7(D?§imi$,4 3 <D^\z±m^m(Dm:^m^^^ti^^oizt 

^(DW:. VX^JrgcD— IfgSrIiPLTG aNl4 1 ^MtH^-B:. $ 5. t 
-e©|^*Lfcg|5:a'4 7 tCT i / A 1 / P t / Au^S^^^T^. Cin 

d^n«®4 8 tfsi^. ^iz:^Mm±izmmvrcmmm\zN i/p t/ 
20 Au^fct^Ni d) t/Au^mmt^o z.<Dmm\z^r) 
®4 9*«^^Ts (^2 10) . iine.0^«©i^, pmm49. n« 

@4 8lS^n^n)ftSJ;<^«t-^;i<J:?5^i^sg-ea&-5o ^O^, ^2 2 

25 
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1)\'bX^^Vrcm^mtbX<Diy^J n > H-7'(^G a N® 4 4 $^bT 
C(DiyOny\i--y(OGaNm4 41itmm^mt}itm^LXf3i^ 

I nGaN®4 Siim^-^tl. ^^{C^© I nGaNl 

nXVi^o pm®4 9 JSTi^:^^'>'^i^ h*-y©G aNl4 6 (D±mizm 
^$nT*3t), nmM4 8tt, A^^gP:iJ-©illg|5l?liP$nfcM^4 7 
10 \zmfSL^tlX^V, v'U:3> K-:/0GaNl4 1 *:/M,T'>U3>h* 
©G a Nil 4 4 {C^i^lL/TVi^. 

1, 2tmm\z. mm^m\zMiyxm^btzsmm^\mr^^tf]^^. 

15 ^^WJ^V/I I I tb&iSi<-r SvltT&t-BJtgTf^D, ?^^$nS¥««: 

^mm^<mT^m\zm< ^ tui^xt^. 
25 m^(D^^m^^^-^'&xi^mt^^mwm^m^<Dmx$>r). 1^24 
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w\m\z. m^/t^yyrm^Mv. ^©^#tau 1 0 0 0 1:^^ 1 ^fi 

mtVX<Di^V n> }i-':f(DG aNM 5 1 ^m^t^. ^O^, S i O 
5 t^ftitS i N«rfflVi;fcTX^jS 5 2 <&^®(C^$ 100~500nm 

3 5 2 (cj^fief^o 1 - i o o 

10 

^fCSK, ^Mmi 0 0 0'CT>'Un>H-:/©GaNS5 4 ©i^ 

3;{i^^^;S-ri.*^, L^^e><^^fi^^^^§t^H;&tsM (i - i o i) 
/^mgg) izfsi-Dtcm. i6i-^u:^Mmtvx^<D-m0 1 . emmmt 

fSi^o ir^tm2 5 SlC^-Tcfca tC, 1 6 fimm^(DMm^5 3 J; 0 

ftl<!:fj:i> I n G aNl 5 5 i£r^:11-^. ^2 6II|}c^-rJ:5 

25 -y©GaNS 5 6 ^figft^-frS. -^-Clgi© I n G a N® 5 5 CDJP$ « 
0. 5 nmd^e 3 nmS^-e^So (Al) GaN/InGa 



56 



wo 02/07231 



PCT/JPO 1/06212 



o ^(Dn> I n G a N©-r<±©ll{lJSA 1 G a NS^figftTS ;i iTi? 
MtbV^o eiCDSPgT', I n G aNl 1 5^-7^:^^$^':7i, l^-7°®Ga 

ft®"^*5v'Un>F-:/©GaNS5 4 n, MttST 
I nGaNBS 5> -^it^-y^ J^Y-Zfa^G a.Nm^ & (r>^nm 

Au*fe«Ni (P d) /P t/Au*^^1-5, eiCDJi^fCj; D P« 

ms 8u^n^rLmm^<mmr^^tf}^!Bm-(!$>^o ^<d'^. M2 8 

20 1-'51i-7 7<7*^5 0±{Cigaaat;a:'5'>U3> F-7°OGaN® 
5 1 S:fl-bT^gbfc^2^:gJitLTO>'U3>H-:/"©GaNji5 
4<£^LTVi5. JKOv'Un^H-l/CGaNlS 4tt»«^M<i:«M 

# ?^ iS ® ^ wr ^ J; 5 1 ?^ ^ $ n T V i , 

I nGaNSS 5/&«J^fi£$n, ^St^OI nGaNlS 5±tC^ 
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P«@5 9 {ix'i^^e/'^A H-yOG aNJl 5 6 ®±® tlT^J 

5 5 4(C^i^LTl^i§. 

c:©J:a;^^3i^&*-r^*^liM©¥^#:|i5fe^^(*. v^U F- 
^©GaNjiS 4, I nGaNJlS 5 :feit^T^^^S/'j7 A F-^OG a 

15 I nGaNS5 5*j;tJfVi5^;!^'>^7Ah*-:/OGaN'«5 etc 

«J:t?T, '>U n>K-:/©GaNji 5 4©^#:5&t«^S$n^il3i<hfj:0 

§o bfc;&toT> #j^§|5;?)m^^Xi^M5 2 tC^UTStfel^^^^SI- 
v/i I I it&i«<-r§ii<h/&«RjtiT^D> ?^fi^^n§¥»#^^m? 
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10 0 Ot:TBlJ6S5&®iLTO>'U3>H-y©GaNS 
5 1 ^m^t^o ^<D^. S i OjSfcttS i N^rfflVife-TX^M 5 2 
^±mizm^ 1 0 0~5 0 OnmO®BT0^L, hV'Jifyy^ 

'A\znm. j^mum ICQ ox:t'>u n > h-:^©g a ni 5 4 
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^mtU^ I nGaNS5 S^^^T^o *K:lMS§Wt;±# 
5 pM^^^^y H®tbT©Vif:?^>'H7A H-:/(DG aNl5 6 Sfig 

:^^it-5o C:ne.I nGaNSS 5 -^Ti^^v^ A K-^OG a Nji 5 
6{COViTfi^JSf!l4 tlWl^T^S, ;i(D^i5g-C, InGaNJiSSI^ 
-^if^^-y^A K-:/©GaN®5 6Ji.^Mi^5 3(D^HCDYX^15 2 
©±^T"M^E$tl, ^2^SM'r2b5>'Un> K-T'WG aNM5 4 CD 
10 ^#:3ii«4I^S$n» SttSTSS I nGaNJiS 5, T i^;^^/'^ A K-^ 
©GaNilS 6©«fi;;&«?^^$nJa;Vi;i,J:*^S, Slft«0^fefb^*^{C 

SIS 5 OiOi/U n> H-yoG aN® 5 1 (D—^m^Ltc^j^iZT 

i /Ai t /Aumm^mmir^o ::ni}^nmm6 1 ttsi^o $6 

/P t/Au SfeJiN i (P d) /P t/Au^^^f -5, iintJ: D 

fs:a(Dmm^^itys^m(Dmjk\zm^umtitm^m^mm<^'ox 
20 z.<Dfttb. e:o]l±©eB^)"Si^ViTpiili6 2 $ffi:tts. ctie) 

GaNS5 4 tVXi^©TfCj^^$nfci/U n> H-T'OGaNl 5 1 

t(DM:^\z-o\,^xv^o tmmvxb^'^ox. ^n^n^^^<mm 
t^iitmii^-mx$>^o -^0^, c:(^)xn'rx^R I E^^c^^3^-r1^— 
25 j^^T^j-HTs (^3 1^) , zn\z^^z.<D^m\z^^^yt^'^if)^^ 



60 



wo 02/07231 



PCT/JPOl/06212 



4, I nGaNMS 5 * J:tKT^^->':7 A H-"/® G a NH 5 6 (D±U 

^Tc. InGaNjiS 5 ^ctrJ^V^^'^^ A F-^OG aNM 5 6 

10 ,#S5 5. 5 6 0^a5dm^V7.i^g{Cfil1-5«7ilcT-5J:<i:*^l?# 
-5. bfc/6«oT, #«^;6«it^v;^i^M5 2^c^tTS^41^*M«•r 
20 mmm4tmmiz. mm±m^ c +m t-r ^-^i-y r^rm^i o±\z 

0 0 0t:-rmi*!gS«tbT©'>Un>H-7'©GaNS5 1 SJ^^t* 
-5. S i Oj^fcttS i Ni&ffll'ifeVX4^jl5 2 S^ffifdjPS 

1 0 0~5 0 0 nm©laSl:?^^L> 7 :t h 'J V 7 - <h 7 
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Sfi^fi-r^d^, nt^ < fSLm^mn^ tmmni^sm (i - 1 o d j;d 

pmi7yy VmtbX<D^if^^->OA H-y©G aNS5 6 ^fig 
m^i±?>. iin^ I nGaNMS S^Vi^^.i^'^A K-ycOGaNfiS 

'7^^v':7AH-7'®GaNM5 6 tt,^^iggO^HO v:;^ 5 2 0± 
15 STM^E^n, ll2^£SMT^-g)'>U 3> H-T'OG a NS 5 4 0±#: 
*^*I^S$n, ^ttlT^S I nGaNlS 5, T^:^ v"^7 A K-^OG 
aNM5 6 (D^^-^imf^-^ntai^^Z-tt^^. «ttS©^<k:$*^{C|5^jt 

20 ©G aNS5 ewS^SOSMgC^i'tCpmil? 1 ^J^^-rS. pl|^7 

1 ^mmhtz^. -^yr^rmms o©^mstr i ESfctt:$^'f+}— 
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u-if7:fU'->'3y\z^K)m^r^, rnktr^u-ifit. m^\t 

X^zy-^U-lf (IS^S2 4 8 nm) X$>^o 
^Vi-e, m^izm^t^G a^m^htcW:. ^ 3 6 EI B IC^I" J; 5 {C 

^^■^^€^t£i^^^3\z-r^rcisbu^-<<Mmzmm-r^ctm!!t!-^L 

\zj:-ox. %ytLrcyt^^^iz^mizm<z.ti}^x^^. 
^fc. ^mmm<D~m tLxnmm^mmmmtLfcmmtT^ c t 
20 hx^^o f^3 9mit&m^^mT^^tu^mm^x.^>'-?iy-ifm 
^mi^^x^^b. m^<Dmmm\zmmnm7 e ^m^Ltct^i^^^r 

feOTcbS, ^C*, ^^gU^«^3 7®fC^1-#lii®fe©i|l:|i}C. 

Un>H-y©GaNM5 1 ©±t^$nfcTX i^S 5 2<D^mm^?> 
25 nGaNS5 5, :fe J^D^T^^S^*^ A H-:/® G a NS 5 6 /0^'?^^$n 
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^^tlfcITO (Indium Tin Oxide) fS:^(Dtmmrh^o 

I nGaN«5 5 7 6 LTlttUf -So 

. Sfc, 3> F-y(DG aNS 5 1 ©«ffi;ii6^^^Dm-riLiT 

15 Pll@7 1 tt7^^il©M,^.fi!llCiB^;^nsc:t:6^e., 

S7 6 «'>U n> H-y©G aN« 5 1 ©«® f;:ltt!5et)j£Vi®«TJ^f!g 

■t^zLtifix^^o c<Drcit>. mmmm7 Gommm^^Tif^^tT!)^ 
> mmm^\t^Bizm7&rt^z.ttf3:^. 

20 jlM^J7 

25 ±tC, 0 O-CcOigiaTfA 1 N^fcttG aNOliTn*i©A*'>77 

*<&J^^-r§. 10 0 Ot:fc:LT'>Un>H-y©G aN 
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18 1 ^mmr^> ^o^. s i Ot^rc\ts i N^m^^-^-^T.^ms 

2*^®{Cff$ 1 0 0-5 0 0 nm©|ggB-C?^^L/, 7:t hUV^^r? 
^-i::7-/^mx^y5^^>hS:fflViTl 0 jtimX 5 0 wmg^cDm?^^ 
©MP0K;5^e,75:^.^0J®8 3 ^mi^t^o CO t^<D&m0:^\^it 1 - 

3>H-y®G aNS8 4 ©^^ig 8 3 (Cl^fif^*^, bf^^. 

mm^oysMmo^musmt 11-2 2®TSf5n^j:D{cT2>o 

C7A H — y©G aN^ 8 6 I nGaNgS 5CD 

15 J?$«0. 5 nm;{i^e> 3 nmg^T^-S, $ efcMKliCDilliM 1 , 2 i: 
l^^^ld, m^m^ (A 1) G aN/ I nGaNO«^#Pl^#a»^ 

nGaN^m\'>X0'mmiktt^Cth^^o ^<Dm. I nGaN^f 

<±<Dm\Z\-i.A 1 G aN®?£fifefi-r5C:i:55^'MSLVij^Jl, IGkE^HM 

20 ^aii, 2tmmx$)^, 

■e©^. T;^^®©-g5SPlPLTG aNS 8 1 *@ai$-a-, $6.f' 

^(Dm^hrzU^\zT i /A 1 /p t/Au«@s^«T5, ::n7&^n 

S®8 7 ^ 6.l3A^«t±lCfigfiLfc*^Sf3N i /P t /Au 

S;fcfSN i (Pd) /P t/Au<£^«T§o ^(DMMlz^r) pnms 

25 8*^^^-r§ (^4 30) . z.n^(Dmm(Dm. pms8 8. nmma 
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^tm^mm^^bxi^fo. smrcnx\t^<. i i-2 2®t)j^^$. 
^mm 8 

•^mvt<Dm^m^^&-^'Q:xm^-r^^mw^^mih<Dmx$> o , n 4 

15 mmz. ^m/-^yyrm^m^L. -eo^^i&Ll O O 0'CT>'Un> 
H-:/OG aNl9 1 <&J^fig-rs. -eo^, S i Oj*fe«S i N^m 

vi/c-TXi^a 9 2 1 0 0 ~ 5 0 0 nmommxm^^L. m 

ffiViX 1 0 wmM(DP3?^;K0MPgPyO^6iO:§^Mi^9 3 ST7.^S9 

o 

'A\znm. ^^Um l O O OrTS/U 3> K-:/©G a NS 9 4 <D|S 
'^W. vU n> H-7'°®G a NJi 9 4 (Snj^©.^M^9 
3;ii6>*^*t-'575i^ Uife<*!)&«<&Mfrt§ijiffl*ssffi (1-10 1) 
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5 I nGaNS9 5§figfif -5, -e©^, ^4 7S(C^f«l;5 

-y0GaNg9 6 I nGaN«9 5 0jP$a 

0. 5 nm;0^e. 3 nmSgTSO, »^ #P l^^aS^^PSi'S: £S 

-e©i^*Lfca5^)-9 71CT i/A 1 /p t/Aumm^Mmr^. 

Au^fc^Ni (Pd) /P t /Au ^|^«T§o J; 0 pH 

15 M9 9;&«^figT'5 (^4 8S) . Cltie>©^«OIS, pm®9 9, 

ms 8\t^ti'enmm^<mmir^z.ti>^iii>mi!$>^, -e©^, ^49 

Vt^TMUS 0±{::j^^$n-5>'U3>H-yOGaN19 4 ± 

mmhti:\,m^t:f3:-DX\^^^o bfc;&^'-pT, ^7^##fc*5 ttStl^^* 
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^fc, >'U=J>h*-y©GaNl9 4, I n G a NS 9 5 * JztKT^f 

^^v-i^A H-:/©G aNJi9 6 (D^U^Tzlt-WMmmQ 3©^H© 

-:/©GaNS3 6 0^gP*«it^'77.i^l9 2 (C^f ^^^igtcf i> CI t 

^mt^z. tf}^^. ^^momittia<D^itti^miz&3±-^n^ z.tiz 
35:0. ib\zmytjsmi!)m^-r^t^^^rc^^h%i^n^o 

^mmr'$>K). v-yr-ir^md o^jL^zy^u-ifuE0m^\zj;:'o 

Tl^*t. 3> H->^(DG aNS 9 l<D«M(c:nm®9 8 b&?^^ 

15 lytcMn^^o ±mi!)^^m,f3if^^m-^m^(DfSimm<Dmm\z\t. s/un 

>h*-7'OGaN«9 4, I nGaN«9 5 ^i:^'^ it^-f 
(Z)GaN19 6 ©^gU^^li— g|57&t^M^cOMB<Z)T7.^?l 9 2±(C* 

c®^5 1 m^^zf^ms 2miz^rmmm\z^\,^xu. nmrns s b 

20 *t.>U3>K-7'OGaN19 1 OM(c^(ZH5imbg5i;5:5T;;^ 

\zmmrt^tt%\zmmi\:\z&mr$>^. z.(D:^M^-^mmm 

25 (^ii£«#:^^^^t:felriTfe, n «M 9 8 b ©f^t> 0 fCI T 01i?5: <i:*> 
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10 Ji*f^n = 2. 4. KMm(DKM^7 0 XrH^-^ 1 0 timtWtMly. d 

15 ^7 5S(C^t-i;5{C, iS$«fe#tt<J:LT, »^<l:®^$n = 

1. 6 5<DD-y7^7mi^tV. SttM*«ieSd/2CDfiai?K«^2 0 
Aimi|iT#«EL, ^a^:^S«aSf^n = 2. 4, Sl>r®0SW^7O 

-ru-b-h. zn^m7 4mtm7 emiz^-n^s.^.u-zyaxommn)^ 
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mm\zm^x. mwi^mizMi^xm^vtzsm^mmr^^itii)^^. ^ 

10 (D^mM'^-ib^^:ffV^M,m^^(D:i^>\i<D^i:)tm±T^z.t\zfSif}, m 

«i4»2 2 6*t^4^fc^J-ilLTViS«lii<&i:Sfcje), 2 2 6 

VrfSiy ^--y-fy^fS.<f3i^o «S{C<fcoT^tta 2 2 6 

20 mmm2 o 

X h ^-r 2 5 4 2 5 0 ±(C 

feTfififi^Sa 2 5 1±<DVX^S 2 5 2 (D^^^;6>^X h^'T ^^^©^ 
: a^!gftS2 5 4At?^fig$nTViS. X h ^-f 2 5 4 (J 

25 "e©fi!|®2 5 6*^SiSi:$n, «^Lfe{l!|®2 5 6fct)fiH4®2 5 5 
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HM^J 2 1 

fi:^-&J^t^OiSa^;SJi 2 6 4 ^^§t^m. 2 6 0 itj^ 

fi»2 6 A\t^<Dmm2 6 3 s*ts®<h$n, ^^i]Mm(om2 e 

4tt (1 1-22) ®<i:$n5. ^S^fi:Sji2 6 4©±®2 6 3 CttS 

MM2 6 3 S, M2 6 4, ±Si2 6 3 C }CfcM«E$tl, ^K^S^^^^t 

20 tii^x^. mi-omm^^^mx^^, 
mmmz 2 

2:f!i&fiS«2 7 0±{Cj^^-ri)«»lT?a&«3, fig*»«2 7 0±J^^$tlfc 
T*fe^*l2 7 l±(D^7s^m2 7 2©>^®i^;{>^e.'x' hU ^XttfClB^J 

m^m-^je^<r>m^^^m2 7 3 «-e©<«^L;fc-fi!lffi2 7 3 S;6^'S® 
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f^n. m(Dm§^Lrc-mm 2 7 4U (11-22) mt-^n^. 

• \m^^'^mbx\^^^i}^. mui.rcmw2 73s, ©274. ±m27 

10 mmm2 3 

^^*««2 8 o±ic:?^^f figft»^2 8 o±m0Z^nrc 

T^^Mm2 8 i±©TXi'M 2 8 2 (Dmm^-ib^ h 7.mzmm 
•^nrc/^^->x':^Mmm^(Dm^mMm2 a sw^jg^nxvi^o 7^ 

II;&E^J 2 4 

*iiis^j«. ms im\z^'rj:o\z. /sMB-^m^<Dm^^^m2 9 

25 3 S^««:K2 9 0±lCJ^^-r'5MTibO. SfeS^^ 2 9 0 ±?^^K$ n 
feT^^fiS2 9 1±®TX^S2 9 2©^^«;6^e,T hU^;^JKfcE 
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. /Knm-^M^0^^^mM 2 9 3\t^(Dm^brc^mm 2 9 3 s;&^s 
®t$n, ±® 2 9 3 cdt»^^®ti^i;c®t$nTVi-5. ^fc, a 

^^?^4^0^^HfiK;Sa 2 9 3 ©JS®ffiiJ}c(iMM (1-10 0) MfejgV^ 
S^|s:^5fe^^5&^ ^ m 0 ffi $ n 5 3fe « S ffi t ¥ff fc® $ tlfcS I* ® 

jliiS^il 2 5 

15 tm^-^M^<Dm^i$,^m 2 9 9 ^f!gg»«2 9 5±\zj^mt^Mx$> 

0, ^«S«2 9 5±?^^!^§nfcT«fi^!gM2 9 6±(D-7yc.^m2 9 7 
2 9 9 2 9 8 d^^SSJC^n^tlOJ^ 

m^-m\zmz<^vizmm-^nx\^^^. mMm-^mm(D^^^Mm 2 9 

20 9«^0M^Lfc-{l!l® 2 9 9 S;0^'SM<i:$n> €<Z)M^ tfe-fiH® 2 
99Z« (1 1-22) Si:$n5. m^fSi^M 2 9 9 ©±®2 9 9 C 
«StR^®<*:l^i;C®<i:$n5. 7^^MJK®i^^^SJi2 9 8 
i®i^L/fc=&fli|® 2 9 8 Sd^S®^$nS, filft««S^^tlllSUTVi'5 



85 



wo 02/07231 



PCT/JPOl/06212 



5 mmm 2 6 

nMGaNHS 0 1 ^TM^^m tLXM^itMO CY DmtJiaiz^r) 

10 m^T^o Z.<Dt^. nMG slNMS 0 iitmwi)^^nmx^^i^-m\t 

CtTn^OGaNJiS 0 1 ^m^t ^ :i tifiX'M 

ti>mtm. h^^^Ui^>'^7.v'ymf3iaii)^^:f3i^^Am.mmtvx(D 
^m^'r^mm\zMji^Lx-^:x,i7m3 o 2*i^*lta^?^^^©^mi^ 

m^x. ms smiz^r^Diz. mn^m^ntin. ^mmsos^^ 

^^^H^m\Z^ri^^l$,^mx$>^nm (ad GaN®3 0 4*^J^^ 
20 sns. J:©nM (A 1 ) GaNS3 0 4«^7^y t L/T'b*StlU 

::<Dm^vrcmm\znLx-^^\z^itmtf3i^ i nGaNss o 5 1 
(AD G aNMs 0 6^^8 6m<D^^\zmmr^o m^mtf3i 

§ I nGaNP3 0 5«^^^filTfe^ (A 1) GaNa3 0 4OS 

25 mizm^xm&mmz 0 o(D^m\z^nxu<m&-^ti, ^(om^mtD 
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i-^l3i]Ki!}^^'S:'h'oXM^-^ti^o I n G a NS 3 0 5 ±{C(iA 1 
GaN + ^'^ySSrJ^fKUT'b^Vi. (A 1 ) GaN«3 0 6 ©M 

mf^UE\Z^O pmmz 0 9 t^fl^U 1 /P t/Au?5:i\ ntillS 0 
8 <J:;5:-5T i / A 1 / P t / Au3&f*3>3'i7 h^glt 3 0 7 U 7 h 
:t7?^i*{Cd;D?^^KL (mass) , TO-r-fbl" S:I^:T««±{I^^t 
10 ^^^;0«^^-rs. #{Cpm@3 0 9 tJSM®<!iUTmtlf SpS (A 
1) GaNS3 0 6 0±{c:if^figSn§fcJ&, p 3 0 9 g^fiSltlli 
jiiScl^ i b T atl-r S i: t ?S: § . 

y)^mt^fcifxh^\^K nB<Dm:^mi&it^^m±\zmmvxhhfsi 

<TfeJ;Vi. Sfc, 1j-7 7>r7±fci(8S^StfcGaNI!gS«> lJ-:77 

j; 0 ■y-7 T •< TSS:^^ iiJilT# ^ i -5^^ (APL-75-10, 1360-2, W. S 
20 .Wong etc.) Z.n^P\^tn\t7 ':f U — iy a >m*^'^\ZJiy 

^(o^o\zj^mmm(D^mi^^ytm^omm:&mxit, m^^&iz^ 

K)smf)^^^izm^-^n. ^(Dsm^mmtt^m¥n^^m\zm^m'p 
25 K^m^^f^T^z-tx. ^ummizEMm^m^xt^o ^tzmf] 
tLxmKfiii-^n^yt(D-mitmiii^^\z^'^xm^-^nrcmmm^w 
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mmm2 7 

o±\z^^mzm2^&m3 1 nbm^-^n. ^n^m^^'^izf^im 
M 3 1 1 , m^m 3 13. m2 mmm 3 1 9 *??^^$n§, 

10 m^iznmmm^m^-r^zLtafix^. m^<Dmm^^i^mx^^. 
!ff3iE\zjzr)^^^m'^-m^^Lftm^m\zm^^mj^r^f3iE(Dm 

^jvymmm^x\t. ( i - 1 o i ) msi^\zh (11-22) m-i= ( 
1-10 0) mfsiii(D^Mmi}^$>y). z.nB^}^'E.i^mi^rzmm\z-o\,^ 
20 xhz.(Dmm^mmxt^o 

m^m^LEDttnthX-^i^fSiA 1 G a I n P 5^fb^#«-&^M 
^iSi^^lf^'S*^, (0 0 1) S«f'ML/T (0 1 1) M, (111) 

25 ^(D%B^(D^mi^^^m^t'f:0mm:^m\z^tnt. 
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10 fs^Eh^BX^y). iyy^-fiE(Dm^^t<D^m-h^W,Xhho t. 

i^^rc^ma^u—^hf^m'r^z.thx^^. 
^^(D-mitm^m^iz^z>xm^^nrcm^m^^tw-ffizmiE^n 

ftKMmxR%iV^'ho)X$>^j^X$>X) . K^\z^'oXyt^Kimh^m 

20 x±^B\zm^-^n^zti)^<b. ^'^m!^&j\zw\zjLy^>iff3:a<Dx 
n^mmvfsi< th%^zt7!}^xt^. ^rc. m^i^rcm^m\z^n\z 
m^m^mtE-^^^^tx. fB^m(o^^mm^±^< t^ctf}^x^ 

mn$>rzr)(DMm^mux^^rcib. mi^m^. mmmmmwx^^ 
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10 m^mm\z^mvxmm^m±r^^, 

mmi7yy \^m(D^^mmm^7.^m\zmr^mmizr^^t7!)txt 
15 bfc*^c.T> is^m(Dmit'f3ia<D'^i\:i)t7^mzm±-^ti^^t\zis. 
0, •^^izm^mm-^^m^t^ti^^^rc^m^n^n^. 

- H fcnt T ^ < ;i 0 ® ^ ffl i ¥ S # 1/ — M -r § ^: fc l: ^ § o 

•^^iz^Tc. ^KD^mo^^mw^ytm'^-^z^h^xiit. m^mo^MM 
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SI ^ (D $S g 

5 . ±^m^0!tmt±mTm^&m^mnmzm^-r^ ct^mmLx 

6. ±s&m^^^itmi3imzj^m-^nrc^7.i7m(omnm^mmvTn 

20 Mio^m^mytmi'. 

9. ±l3^®^M^®«SM:feJ;r/f (11-22) MO^P'fSiK th~:^t: 

^tiz.t ^<^WLt-r^m^(Dmmm i mmmo^mi^^ytm^o 
mm 1 mmm(D^m^mytm^, 
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1 2. ±Bmmm^mi:^mTu\mmtf3:^^^\zmm^n^z.tt: 

1 3. ±mm^mit±fBm^m<Dmm^mmtKMm<Dm^>b'm\zcm 

5 w-m^mi". 

1 5. S^±{;:±IB«^o^ffl(c^bTM^L:/S:«^igftM^Wr -Si^ 

m^htcm^m^m^mr^m^m^miRmizm^v. ±Bmmm^m 
\zW'nfs:mp^\zmtE-r^mimmmm. m^m. ^^nm2mmmm^ 

^^ertfc^j-ii-rsjit*#^<i:-r5»^©igHmi emmmo^mi^ 
1 9. ^mLrz^^mi^mytm^<DMmiz-':&(Dmm^mmt^z.t^ 
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15 . 

^mhrch(D-^^^ct^wwit-r^m^<Dmmm2 5mmm<D^mi^ 

20 

2 7. ±fBS«©iMttC+®T*5C:i:*4*^i:"r5lt*0lBHm2 

25 sm{c:oviT75:tt;s:$n§:ii^#ii[a:-r-5it5^®i§ffl^2 ommm(D 
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2 9. m^±izm^hrcsm^rcii;.±msm\zmnm\z^mfsimi)my^ 
5 mi^m^m^o 

3 1 . mw.±\zmmiyrcsm^^\t±msmizmm^\z^mi3imi>my\ 
10 m^rc\t±mcm\zmm&dizmmfsim-!i)^±mmy^Mm-^m^<D±^mu 

Jc:TO3&:ffi:fe J: ?^±IB C ® * tt±IB C ® tc:^«;S:® C^pfr^S: 

m\ziBj^hxf3:^^t^^wifr^^mi^mytm^o 

mnrnzi^m^m^mr^m^m^m^^b. ±msm^rcit±tism\z 
mn^iz^m^miz^nummzm^-r^mimmmm, m^m. ^fej; 
nm2mnmm^±mmmm\zm^Lxm^-^nft^mi^^ytm^^^ 

20 r^mm^mmmo 

. mnmzmmfSim^mr^m^m^m^v. ±t&sm^it\it±t&sm\z 
mmm\z^mf3im\z^nf3imm\zm^r?>mimnmm. 

•am2mmmm^±m^^mizmp^vTm^^nrc^mi^^ytm'^^m 

3 4. S:te±{c:RffllO^PS<&Wf SVXi^S^J^fifeb, ±iBTXi^S 



95 



wo 02/07231 



PCT/JPOl/06212 



© H P IH5 S ® * «±IB S IS ic 65 ic ^« ® ^ W-r 5 S ® H 

10 3 7. ^mvft^^m^^ytm^<Dmm\z~:^(Dnm^m^-r?>:itt: 

3 8. ^J?^iK:gtCJ: y)m^-^tl^M^m<DMU±M\zMLxm^LXf3: 

15 ^izmti-^tL^^<D-mu±mm^B^m\zmtw-n\zmtE-^nrcRU 
• 4 0. ±Bm^mit±mim^^m\zm^^n\zm^-^nTr3:^zt^ 

20 iitmt-rS»*(Z)«SHB3 8]atBm©¥#*t:^^^^. 

^:^:^#^i:-rSit*©«ffl^3 8J«iB^©^«#^3t^^, 

4 2 . ±sB«#4«§H^MC^fi^tcMft$n;^c^l*®«l 8 0 ° i: 0 fe/h^ 

25 stt^oMHS 3 8 mmm(D^mi^myem^o 

4 3. ±l3iS14SJi^^b«fe¥»^*^ei^S;it<&#i!^<i:-r?.W*©IBH 
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^38 mm<D^miif.^ytm^o • 

4 5. ±i3«i4s« I n^'^tsct^i^mtr^m^(Df^mm3 smm 

10 4 8. m&mu±:\zm^f^m\z^-ox±m^&&u<D±m\zMLxm0i- 

25 «6HII4 9:^iE«cD^»#^5tS^o 

5 3 . ±3SS^©^ffiJiC®Tab'5Ct€#miT^i»^(^l§ffl^4 9 
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5 4. mw.±\zfBimnm(Dmi^-^m^m^L. ±iBiii^si±t 

10 '^T.c^m^mf&L. ±m'^:^i7m\zmi-f^tircmn^fi^<^mimnm(D 

mnizm^'r^mimnm^yy\^m. mmm, ^^nm2mmm^^ 
y Ym(D^mmw±.m-^7.^m\z-^^mr^i:o\z}LumiMmm^ 

m2^^m^m^^^-^^xm^v. ±.um2^^m(Dm^m\z^nt^ 
mn\zm^t^mimmm^^y hp, ^tts, ^^xsw.2m^^m.^y 
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10 
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